In the ewe, the inhibition of LH secretion during long days results from increased negative feedback by estradiol. This effect depends on aminergic systems, mainly in the lateral retrochiasmatic area, a region that includes the dopaminergic A15 nucleus. Recently we demonstrated that the inhibition of LH secretion by estradiol under long days is accompanied by an increase in extracellular levels of amine metabolites (3,4-dihydroxyphenylacetic acid [DOPAC], homovanillic acid [HVA], and 5-hydroxyindolacetic acid ) in the lateral retrochiasmatic area of the hypothalamus. The increase in catecholamine metabolite levels could be due to stimulation of tyrosine hydroxylase (TH) activity in the catecholaminergic systems of this region. In the present study, we tested this hypothesis by incorporating in vivo measurement of TH activity in the brain into our microdialysis model. We used this approach to first examine the effect of estradiol on TH activity in both the lateral retrochiasmatic area and the caudate nucleus during long days (experiment 1). Two dialysis sessions were carried out on each of six ewes: one after a 10-day estradiol treatment (s.c. implant) and the other after 10 days without estradiol treatment. Estradiol treatment reduced pulsatile LH secretion without affecting the secretion of prolactin. The steroid also significantly increased TH activity in the lateral retrochiasmatic area as assessed by the formation of L-3-4 dihydroxyphenylalanine (L-DOPA). There was no variation in the TH activity of the catecholaminergic systems of the caudate nucleus, suggesting that the effect of estradiol is specifically hypothalamic.
INTRODUCTION
In the ewe, photoperiodically induced changes in the responsiveness of LH secretion to negative feedback by estradiol are a key mechanism of the neuroendocrine regulation of seasonal reproduction [1] . The best evidence for this comes from ovariectomized ewes bearing an s.c. implant of estradiol: the frequency of pulses of LH decreases dramatically, but only during the season in which intact animals are anestrous [2] . Pharmacological studies have demonstrated the role of catecholamines in the control of LH secretion and suggested that the inhibition of LH release during anestrus could result from a stimulation by estradiol of the activity of catecholaminergic systems [3, 4] . The catecholaminergic systems involved in this regulation could Accepted January 10, 1994 . Received August 9, 1993 . 'This work was supported in part by a grant from "La Region Centre." V.G. was in receipt of fellowship from "La Region Centre." 2 Correspondence. FAX: 3347427743.
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be located in the lateral retrochiasmatic area. Indeed, electrophysiological studies have shown that this region appears to participate in the seasonal inhibition of LH secretion by estradiol [5] . In sheep, the lateral retrochiasmatic area includes the dopaminergic A15 nucleus, which receives noradrenergic and serotonergic afferents [6] [7] [8] . Furthermore, neurotoxic lesion of this nucleus during anestrus inhibits prolactin and increases LH pulsatility, suggesting that the A15 nucleus plays a role in these regulatory mechanisms [9] . Recently, we have shown that the inhibition of pulsatile LH secretion by estradiol is accompanied by an increase in the extracellular levels of amine metabolites in the lateral retrochiasmatic area of the ewe [10] . The increases in concentrations of 3,4-dihydroxyphenylacetic acid (DOPAC) and homovanillic acid (HVA) suggested a stimulation of catecholamine turnover in this structure. Such an alteration of catecholamine turnover could result either from changes in synthesis or from degradation involving, respectively, tyrosine hydroxylase (TH) [11] or monoamine oxydase [12] activities.
In the present study, we have adapted to our dialysis model an in vivo method, previously described by Westerink et al. [13] , for monitoring TH activity in the brain. This involves the local perfusion, by microdialysis probe, of an inhibitor of L-aromatic amino acid decarboxylase (AADC). Blockade of this enzyme leads to the formation of L-3-4 dihydroxyphenylalanine (L-DOPA), the concentration of which is monitored with the probe. We have used this approach first to examine modifications of TH activity in catecholaminergic structures of the lateral retrochiasmatic area when LH secretion is inhibited during long days. During this study, we also evaluated the hypothalamic specificity of the estradiol effect on catecholaminergic systems by measuring TH activity in the caudate nucleus, an area not thought to be involved in the regulation of LH secretion.
Since dopamine (DA) metabolism and NSD1015-induced L-DOPA accumulation can occur in both dopaminergic and noradrenergic neurons, a second study was designed to identify the neuronal origin of extracellular L-DOPA, DOPAC, and HVA. This was achieved by measuring in vivo TH activity and concentrations of extracellular amine metabolites in the left lateral retrochiasmatic area after a partial and selective destruction of noradrenergic nerves in the brain. The effectiveness of the noradrenergic lesion and the integrity of the A15 nucleus dopaminergic neurons were evaluated by the measurement of tissue content of catecholamine in the contralateral structure.
MATERIALS AND METHODS

Animals
Two experiments were performed during an artificial anestrus induced by long days in adult Romanov ewes ovariectomized at least one month earlier. Experiments 1 and 2 were done on six and eight ewes, respectively. For this purpose, ewes were first maintained under a natural short photoperiod or in a light-sealed room under an artificial short photoperiod (8L:16D) for at least 60 days. The ewes were then subjected to a long inhibitory photoperiod (16L:8D) for 60-150 days so that gonadotrophin secretion was inhibited [14] .
Estradiol Treatment
Estradiol implants were made from silastic tubing (Dow Corning, Sigma Medical France, Nanterre, France; i.d., 3.35 mm; o.d., 4.5 mm; length, 2 cm) [15] . These implants reduce the frequency of LH pulses but do not completely block their secretion during anestrus [16] . The implants maintain plasma estradiol concentrations of 5-8 pg/ml, which are similar to those found in the same breed from Days 2 to 14 of the estrous cycle [17] .
Surgery
General anesthesia was induced by injection of barbiturate (Nesdonal, Rhone-Poulenc Pharmaservices, 92165
Antony, France; 8 mg/kg) and maintained with halothane (4% in oxygen). Cannulae were implanted under radiographic control using an especially adapted stereotaxic frame [10] . One stainless steel guide cannula (length, 37 mm; o.d., 1.2 mm; i.d., 0.8 mm) was fitted to the left lateral retrochiasmatic area (experiments 1 and 2), and a second (length 24 mm) was fitted to the left caudate nucleus (experiment 1) at least 1 wk before the first dialysis session. The stereotaxic position of the lateral retrochiasmatic area is 29.5 mm anterior to the interaural line, 2.5 mm lateral to the mid-sagittal plane, and within 0.5 mm of the base of the third ventricle. The cannula intended for the caudate nucleus was placed 35 mm anterior to the interaural line, 5 mm lateral to the mid-sagittal plane, and 13 mm under the base of the third ventricle.
Microdialysis
Experiments were carried out with microdialysis probes (the membranes were 3 mm long and 0.23 mm in diameter) constructed according to the method of Robinson and Whishaw [18] . A Ringer lactate solution (130 mmol Na+/L, 2.7 mmol Ca2+/L, 4 mmol K+/L, 115.7 mmol Cl-/L, 27.7 mmol lactate/L, pH = 6.7) was perfused through the dialysis probe at a rate of 0.7 ,ul/min. Dialysates were collected in tubes containing 2 Il 0.1% perchloric acid. Tubes were immediately frozen at -20 0 C, kept at this temperature until the end of dialysis, and then stored at -80°C until the day of amine measurement. Relative recovery values were tested in vitro before each dialysis session, and extracellular concentrations of amines and their metabolites were corrected for recovery. At a perfusion rate of 0.7 il/min, the relative mean recovery values were 14 + 0.1% for L-DOPA, 16 + 0.6% for noradrenaline (NA), 16 ± 0.1% for 4-hydroxy-3-methoxyphenylethyleneglycol (MHPG), 16 0.1% for DOPAC, 14 ± 0.1% for HVA, 19 ± 0.3% for DA, and 19 ± 0.1% for 5-hydroxyindoleacetic acid (5-HIAA).
Microdialysis Sessions
Microdialysis was performed on ewes that were placed in their usual pen among similarly treated ewes but isolated in individual boxes. Ewes could stand or lie down but always faced the experimenter.
Probes were implanted at 1000 h. On the next day, about 20 + 1 h later, amine levels in the dialysate were monitored during spontaneous release for 4 h. Thereafter, the L-aromatic amino-acid decarboxylase inhibitor, 3-hydroxybenzylhydrazine dihydrochloride (NSD1015; 3 mmol/L), was added to the perfusion medium for 8 h. A similar schedule was used in experiment 2, except that the spontaneous variations in amine levels were also observed for 9 h immediately after implantation of the probe, and NSD1015 was perfused for 10 h. In both experiments, a 28-,l fraction of the dialysate was collected every 40 min.
The working solution of NSD1015 was prepared fresh daily by dilution of a stock solution in Ringer lactate so-lution. The stock solution contained 300 mmol/L and was kept at -20°C. This dose was chosen after a preliminary experiment on ewes in which we observed that after addition of NSD1015 at a concentration of 0.1 mmol/L (the quantity previously used on rats [13, 19, 20] ), the output of L-DOPA was highly variable between animals; however, this dose allowed us to demonstrate a decrease in DOPAC and HVA concomitant with the increase in L-DOPA (Fig. 1) . Conversely, the perfusion of 3 mmol/L NSD1015 induced the highest levels of L-DOPA with reduced variability between animals. Under these conditions, however, the inhibitor or its metabolites observed in the chromatogram [13, 19] masked the identification of both DOPAC and HVA.
Experimental Design
In experiment 1, dialyses were performed simultaneously in both the lateral retrochiasmatic area and the caudate nucleus. Two dialysis sessions were carried out on each ewe: one after a 10-day estradiol treatment and the other after 10 days without estradiol treatment in a crossover design such that each ewe acted as her own control. Extracellular amine concentrations were compared in repeated measurements in the same structure under the two steroid treatments. During the last 2 h of dialysis, a TH inhibitor (a-methyl-p-tyrosine [aMPT], 3 mmol/L) was added to the perfusion medium for three ewes while the other three received a perfusion of a neuroleptic (haloperidol [HAL], 3 mmol/L) to test whether L-DOPA concentrations detected in dialysates during infusion of the decarboxylase inhibitor could be considered an index of TH activity in brain tissue. aMPT and HAL solutions were prepared at the working concentration on the day of the experiment. Peripheral blood was sampled from the jugular vein every 10 min for determination of LH and prolactin.
Animals were killed by decapitation within two days after the second dialysis session. The heads were immediately perfused via the carotid arteries with 4% paraformaldehyde in phosphate buffer. Brains were removed and stored for one day in the same fixative and then transferred to 15% sucrose in PBS.
In experiment 2, to assess the effect of estradiol treatment on LH secretion in ovariectomized ewes, peripheral blood was sampled every 10 min for 4 h at 4 days after insertion of the estradiol implant and 3.1 0.3 days before surgery. At the beginning of the surgery, a jugular cannula was used for injection of nomifensine (200 Cug in 300 u1l saline), a dopaminergic uptake blocker, to prevent entry of 6-OHDA into dopaminergic neurons [21] . Five minutes later, the experimental ewes (6-OHDA group, n = 4) received an intraventricular injection of 6-OHDA (400 ,ug in 300 l saline containing 1% ascorbic acid) while control ewes (control group, n = 4) received the same volume of vehicle. The solutions were injected over 10 min.
Dialyses were performed in the left lateral retrochiasmatic area. One dialysis session was carried out on each ewe 8.4 -0.3 days after surgery and after at least 10 days of estradiol treatment. Dialysis sessions were conducted simultaneously with four ewes (two treated and two control). On the day of probe implantation, jugular blood was sampled every 10 min.
The day after dialysis, animals were decapitated and the brain was immediately removed from the skull. The diencephalic structures were isolated as follows: 1) rostro-caudally from the caudal end of the mamillary bodies to 8 mm frontal to the optic chiasma; 2) laterally, 10 mm on each side of the longitudinal midline; and 3) dorsally by sectioning the structures above the thalamus. The tissue was frozen in nitrogen vapor and then transferred to a freezer (-72°C) until microdissection 2 wk later.
Histological Localization of the Probe (Experiment 1)
A cryomicrotome was used to prepare 40-Lm-thick frontal sections. One section of ten was stained with cresyl violet. Four sections, which included the lesion caused by the probe, were treated immunohistochemically for identification of the TH-immunoreactive neurons of the A15 nucleus according to a method previously described in detail [7] . Anti-TH [22, 23] was detected using the peroxydase-antiperoxydase complex. The peroxydase was revealed with H 2 0 2 and diaminobenzidine.
Microdissection of the Lateral Retrochiasmatic Area (Experiment 2)
Slices 300 ,um thick were prepared using a horizontal Leitz microtome fitted with a cooling device. The right lateral retrochiasmatic area, identified macroscopically as described previously [24] , was "punched" with an injection eno needle (1.5 mm i.d.) [25] in five consecutive sections, at a site symmetric to the trace of the microdialysis probe (see Fig. 8 ).
The samples of brain tissue were then placed in a 1.5-ml plastic tube (at 4C) containing 75 p.l of an aqueous solution of 0.4% perchloric acid, 0.1% EDTA, 0.1% sodium metabisulfite, and 0.01% ethanol. After addition of 75 p.l of distilled water, these samples were homogenized by sonication. The tubes were centrifuged at 11 000 x g; the supematant was separated for direct injection within the HPLC system and the pellets were used to determine the protein content according to the method of Bradford [26] .
Amine Measurements
We measured L-DOPA, NA, MHPG, DOPAC, HVA, DA, and 5-HIAA. These molecules were quantified through use of HPLC and electrochemical detection, according to our previously described method [10] , except that different mobile phases were used for dialysates and tissue samples. For dialysates, the mobile phase consisted of a mixture of 0.1 mol/ L trichloroacetic acid adjusted to pH 3.2 with solid sodium acetate 0.01 mmol/L EDTA [13] . For assaying tissue amines, we used a mixture of 0.98 g sodium acetate, 0.37 g EDTA, 5.1 ml ethanol, and 0.1 g sodium octane sulphonate in 1 L distilled water adjusted to pH 3.6 with sodium acetate. The flow rate was 1.4 ml/min.
The limits of detection for each sample were defined as the quantity giving a peak with an amplitude equal to twice the amplitude of the noise of the baseline (mean + SEM, calculated from the assay of all the samples). The mean values were 3. . These values are presented as concentration in the dialysate; for the expression of results, they were applied to each sample with an undetectable value after correction for the recovery of the probe.
Hormone Assays
LH and prolactin were measured using RIAs as described previously [27, 28] . For the LH assays, the limit of detection (two standard deviations from buffer controls) was 0.1 ,ug/ L, and the intra-and interassay coefficients of variation were 10.0% and 12%, respectively. For determination of prolactin, the limit of detection was 1.5 Ig/L. All samples were measured in a single assay, and the intraassay coefficient of variation was 14.0%.
Analysis of Data
Mirodialysis. All results are expressed as means ± SEM.
Amine levels are expressed in extracellular concentrations, i.e., after correction of the levels measured in the dialysate by recovery rate of the probe used for that sample. We did not take into account the values obtained during the first 3 h of dialysis, the time taken for the amine release to return to basal levels after the damage caused by implantation of the probe [29] . Due to variability in amine concentrations within dialysates between individuals as well as the relatively small number of subjects, nonparametric statistics were used to analyze the effects of treatments on extracellular concentrations of amines and their metabolites.
For experiment 1, during administration of NSD1015, a stable baseline of L-DOPA was defined as two consecutive samples in which the concentrations varied by less than 10% [20] . We used a unilateral Wilcoxon Signed Rank test to compare mean extracellular concentrations of amine metabolites and L-DOPA from the lateral retrochiasmatic area with those from the caudate nucleus, measured during the first 4 h of dialysis and the first 6 h of NSD1015 perfusion, with and without estradiol treatment. Values were also compared during the first and second dialysis sessions, independently of the estradiol treatment, with a bilateral Wilcoxon Signed Rank test.
For experiment 2, a Mann-Whitney U test was used to compare the extracellular concentrations of amine metabolites obtained in the 6-OHDA group with those observed in the control group. For the first day of dialysis, we used only data collected after the fourth hour of dialysis; on the other days we used data from the 4 h that preceded the perfusion of NSD1015. The same statistical method was used to study the effect of 6-OHDA on mean extracellular concentrations of L-DOPA obtained during the entire period of NSD1015 perfusion and during the period in which a stable baseline of L-DOPA was reached.
The mean tissue contents of amines and their metabolites for experimental animals and controls were compared using a Student's t-test.
Hormonal Secretions
LH pulses were identified as previously described [30] . Mean LH pulse frequency and amplitude and the mean concentrations of LH and prolactin were calculated for each profile and compared by Student's t-test.
In experiment 2, the effect of the intraventricular injection of 6-OHDA was tested by comparing the mean plasma concentrations of LH and prolactin obtained in the 6-OHDA group with those obtained in the control group using Student's t-test. The effects of 6-OHDA and time were also tested by comparison with the values obtained before surgery by two-way ANOVA.
RESULTS
Experiment 1
Location of the dialysis probe. Traces of the microdialysis probe were identified and found to be located in the lateral retrochiasmatic area and in the caudate nucleus. In the lateral retrochiasmatic area, the probe tip was located
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2o - PAC and HVA was observed between the two dialysis sessions, independently of the sequence of estradiol treatments (624.6 + 157.6 vs. 196.3 + 25.6 nmol/L for DOPAC and 2738.2 + 900.6 vs. 1559.8 ± 323.1 nmol/L for HVA;p < 0.05). Consequently, the effect of estradiol on these concentrations was not statistically significant.
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About 1.5 h after the addition of NSD1015 to the persion medium, L-DOPA became detectable in dialysates and steady-state level was reached within 2.7 ± 0.3 hin four animals, independently of estradiol treatment (Fig. 3) . The her two ewes took 6 h to reach a steady-state level of DOPA, with estradiol in one case and without it in the other. During the first 6 h of NSD1015 perfusion, mean exacellular concentrations of L-DOPA were significantly greater in the presence than in the absence of estradiol eatment (p < 0.05; Fig. 3 ). Perfusion of atMPT, an inhibitor of TH, decreased extracellular L-DOPA concentrations in 5 of 6 sessions in which it was used. During the 5 sessions, levels of L-DOPA increased by 544 + 187% above baseline after the NSD1015 application. Addition of aMPT caused a dramatic decrease such that after 2 h, levels were back down to only 70 -51% above the initial baseline (Fig. 4) .
Extracellular amines in the caudate nucleus.
In the absence of NSD1015, L-DOPA was seldom detectable in dialysates (Fig. 3) . Repeated measurement by microdialysis in the caudate nucleus did not significantly modify extracellular concentrations of amine metabolites, nor was there any effect of treatment with estradiol (Fig. 2) . After addition of NSD1015 to the perfusion medium, mean extracellular concentrations of L-DOPA increased, but they did not reach a steady state until after 6 h of perfusion. Indeed, there was considerable variation over time. For the two remaining ewes, L-DOPA became detectable only after perfusion of NSD1015 in the absence of estradiol treatment. During perfusion, there was no effect of estradiol treatment on mean extracellular L-DOPA concentrations (Fig. 3) .
The addition of aoMPT or HAL to the perfusion medium had no effect.
LH and prolactin secretion. In ovariectomized ewes without estradiol implants, mean LH pulse frequency was 2.7 + 0.6 pulses per 12 h and mean LH pulse amplitude was 2.9 ± 0.4 ,ug/L. The effect of the estradiol treatment on LH secretion was evidenced by the complete absence of LH pulses in the presence of the implant (p < 0.01). Estradiol also reduced the mean concentrations of LH (5.4 ± 0.1 vs. 0.7 + 0.1 ,ug/L,p < 0.01). There was no difference in the mean plasma prolactin levels between ewes treated (93.8 -+ 8.0 g/L) and not treated with estradiol (83.5 ± 5.1 Ig/L).
Experiment 2
Extracellular amines. During microdissection of the brain, traces of the microdialysis probes were identified in the left lateral retrochiasmatic area (Fig. 8) .
During the first day of dialysis, there were no differences between the 6-OHDA and control groups in mean extracellular concentrations of DOPAC and HVA from the fourth to the ninth hour. During this period, mean extracellular concentrations of MHPG were 75% lower in the 6-OHDA group than in the controls (p < 0.05; Fig. 5 ). During the second day of dialysis, before the 4 h that preceded the addition of NSD1015 to the perfusion medium, L-DOPA was not detectable in dialysates. Mean extracellular concentrations of DOPAC and HVA did not differ between groups. Compared with control values during this period (Fig. 5) , 78.4% less MHPG (p < 0.05) and 41.3% more 5-HIAA (p < 0.05) were found in dialysates from ewes given 6-OHDA. Approximately 1.5 h after addition of NSD1015 to the perfusion medium, L-DOPA became detectable in dialysates and a steady-state level was reached within 5.6 + 0.4 h (Fig.  6) . Mean extracellular concentrations of L-DOPA did not differ between 6-OHDA and control groups.
Tissue content of amines. Extracellular concentrations of MHPG in dialysates from the left lateral retrochiasmatic area were highly correlated with tissue level of NA in the right A15 nucleus (r = 0.92, square transformed data). Mean tissue levels of NA in the right A15 nucleus measured in ewes treated with 6-OHDA were 45% lower than the values obtained for control ewes (p < 0.05; Fig. 7) .
LH andprolactin secretion. The absence of detectable LH pulses in blood sampled before surgery evidenced the effectiveness of the estradiol treatment on LH secretion. During this period, mean plasma LH levels did not differ between groups (0.49 ± 0.02 for the 6-OHDA group vs. 0.51 + 0.1 ig/L for the control group). Furthermore, during the dialysis sessions, no LH pulses were detected in either group, and mean plasma concentrations did not differ between them (0.48 ± 0.01 for the 6-OHDA group vs. 0.45 ± 0.02 pLg/L for the control group).
In blood sampled before surgery, there was no difference between groups in mean plasma prolactin concentrations (293.6 ± 42.8 for the 6-OHDA group vs. 313.1 ± 57.9 lig/L for the control group). During dialysis sessions also, mean plasma prolactin levels were not different between groups (156.3 + 37.5 for the 6-OHDA group vs. 207.2 + 31.6 tLg/L for the control group).
DISCUSSION
Inhibition of LH secretion by estradiol is accompanied by an increase in TH activity in the lateral retrochiasmatic area of the hypothalamus, as evidenced by the observation that estradiol increases the extracellular concentrations of L-DOPA in this region when AADC activity is inhibited. The fact that L-DOPA concentrations in the dialysate decreased when TH activity was inhibited by caMPT suggests that extracellular concentrations of this metabolite are a good indicator of TH activity in the hypothalamus of the sheep. Moreover, the concomitant decrease in DOPAC that we observed with a lower dose of NSD1015 in the preliminary experiment further demonstrates the blockade of catecholamine synthesis. However, some caution is required in the interpretation, as discussed by others [20] , because only the L-DOPA molecules diffusing in the extracellular medium are microdialyzed and the extracellular concentrations of L-DOPA might not be linearly related to the rate of intracellular synthesis. Nevertheless, numerous studies have shown that extracellular concentrations of L-DOPA are strongly correlated with TH activity when it is modified by pharmacological agents. Thus, the general consensus is that this method is valid as an in vivo measure of TH activity [13, 19, 20] .
Our observations are in agreement with the stimulatory effect of estradiol on production of monoamine metabolites as previously reported by us [10] . We did not observe any effect of HAL on the extracellular concentrations of L-DOPA. In the rat, injection of HAL after peripheral injection of NSD1015 increases L-DOPA in the median eminence and the striatum [32] . In this species, it has been shown that HAL increases extracellular concentrations of L-DOPA only if the nervous tissue is not damaged [13] , so the lack of response to this neuroleptic in the present study might by explained by the lesion caused by the dialysis probe. On the other hand, HAL does not directly modify TH activity, but appears to act through interaction with the dopamine autoreceptors [33] . In sheep, this regulatory mechanism has not yet been demonstrated in the control of activity of the A15 nucleus; but, assuming that it exists, the influence of HAL on TH activity appears to be too indirect to modify extracellular concentrations of L-DOPA.
We have also demonstrated that the L-DOPA, DOPAC, and HVA in the extracellular medium of the lateral retrochiasmatic area are produced by dopaminergic neurons, and not by noradrenergic afferences, of the A15 nucleus. In experiment 2, the extracellular concentration of MHPG in the left retrochiasmatic area and the quantity of NA in the contralateral structure varied in the same way. The decrease in both extracellular concentration in the left retrochiasmatic area and NA tissue content in the right retrochiasmatic area in ewes receiving 6-OHDA is evidence of the effectiveness of the lesion of at least some of the noradrenergic fibers of the A15 nucleus. Moreover, DA and HVA tissue contents were not modified by injection of 6-OHDA, reflecting the efficiency with which the DA neurons were protected against the neurotoxin by nomifensine. Thus, the 45% decrease in the NA content of the A15 nucleus did not modify either the extracellular concentrations in DOPAC and HVA or the accumulation of L-DOPA in the retrochiasmatic area. The liberation of DOPAC into the extracellular medium of the lateral retrochiasmatic area is the result essentially of activity of the DA neurons of the A15 nucleus. The extracellular accumulation of L-DOPA, observed after inhibition of AADC, reflects the TH activity of A15 neurons.
Thus, taken together, our results show that estradiol stimulates TH activity in the A15 nucleus during long days.
Inhibition of LH secretion by estradiol is accompanied by an increase in extracellular concentrations of 5-HIAA in the lateral retrochiasmatic area. The steroid dependence of the activity of both the serotonergic afferents and the A15 neurons suggests that a positive interaction between these two systems could mediate the effect of estradiol on LH secretion. Serotonergic systems are involved in the photoperiodic inhibition of LH secretion in ovariectomized ewes that occurs in the absence of estradiol [3] , and serotonin is also involved in the inhibitory effect of estradiol on LH secretion under long days [34] . Our observation that the partial lesion of NA input to the A15 nucleus increases extracellular concentrations of 5-HIAA extends this by suggesting that the serotonergic and noradrenergic systems interact at the level of the lateral retrochiasmatic area.
Estradiol does not affect L-DOPA concentrations in the caudate nucleus when AADC is inhibited. Thus, inhibition of LH secretion by estradiol is accompanied by an increase of TH activity in the lateral retrochiasmatic area but not in the striatum. TH biosynthetic activity in the striatum, a structure containing DA fibers, cannot be strictly compared to that activity in the retrochiasmatic hypothalamus, which contains only cell bodies. However, our data do suggest a specific action of estradiol on this enzyme in the hypothalamus, an observation consistent with the key role of the hypothalamus in the control of reproduction. In the rat, estradiol increases L-DOPA accumulation in the median eminence without modification of striatal content [32] ; but sex differences in striatal dopamine, as well as effects of estrogen injections, have been recently observed via microdialysis [35] . Thus, this part of our work will require confirmation with a larger number of animals.
In our experiment, significant decreases in concentrations of DA metabolites in the lateral retrochiasmatic area were observed between the first and the second microdialysis run, independently of the sequence of steroid treatments. A smaller decrease in the extracellular concentration of L-DOPA was also recorded between the two sessions. The consistent effect of estradiol despite the reversed treatment order adds further proof of the strong effect of estradiol. Two explanations can be suggested for the reduction in metabolite concentrations between the two dialysis runs. 1) The decrease in DOPAC and HVA concentrations, compared to those recorded before NSD1015 perfusion, might reflect a long-term effect (more than 10 days) of the inhibitor on DA neurons. However, the absence of L-DOPA in the extracellular medium of the retrochiasmatic nucleus during the first 2 h of the second microdialysis session shows that a delay of 10 days is sufficient for AADC activity to recover, so this hypothesis is not likely to explain our observations.
2) The lesion made by the double introduction of the microdialysis probe may have caused the effect; in the rat striatum, repeated microdialysis with one week of recovery leads to a decrease in DOPAC and HVA extracellular concentrations but no change in DA and 5-HIAA [36] . However, in our study, repeated microdialysis measurement did not affect the concentration of DA metabolites in the caudate nucleus; an increase in the activity of the nigrostriatal neurons might counterbalance the local lesion of the catecholamine fibers, and regeneration of these fibers is also possible. In the A15, on the other hand, the lesion destroys cell bodies, so regeneration is not possible.
In conclusion, the inhibition of LH secretion by estradiol under long days is accompanied by an increase in TH activity in the neurons of the A15 nucleus. This observation reinforces the hypothesis that the dopaminergic system in this retrochiasmatic structure plays a major role in the seasonal inhibition of gonadotrophin secretion [9] . The activation of A15 neurons is thus an essential link in the chain of events leading to the inhibition of the release of GnRH by estradiol during long days.
